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A deep divergence time between sister species of Eidolon (Pteropodidae)
with evidence for widespread panmixia
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The pteropodid fruit bat genus Eidolon is comprised of two extant species: E. dupreanum on Madagascar and E. helvum on the
African mainland and offshore islands. Recent population genetic studies of E. helvum indicate widespread panmixia across the
continent, although island populations off western Africa show genetic structure. Little is known about the genetic connectivity of
E. dupreanum or the divergence time between these two sister species. We examine sequence data for one mitochondrial (cyt-b) and
three nuclear regions (8-fib, RAGI, and RAG?2) to assess population genetic structure within . dupreanum and divergence between
the two Eidolon spp. In addition, we characterize the demographic history of both taxa using coalescent-based methods. We find
little evidence for population structure within E. dupreanum, and suggest that this reflects dispersal based on seasonal fruit
availability and a preference for roosting sites in exposed rock outcrops. However, despite apparent panmixia in both Eidolon spp.
and large dispersal distances reported in previous studies for E. helvum, these two taxa diverged in the mid-to-late Miocene. Both
species are also characterized by population expansion and young, Pleistocene clade ages, although slower population growth in
E. dupreanum is likely explained by its divergence via colonization from the mainland. Finally, we discuss the implications of
population connectivity in E. dupreanum in the context of its potential role as a reservoir host for pathogens capable of infecting
humans.
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INTRODUCTION

The bat genus Eidolon (family Pteropodidae)
contains two species: E. helvum Kerr, 1792 — the
largest and most common fruit bat in sub-Saharan
Africa, certain neighboring African offshore islands,
and the Arabian Peninsula — and E. dupreanum
Pollen, 1866, endemic to Madagascar (Bergmans,
1990; Simmons, 2005). The day roost sites of
E. helvum can contain notably large numbers of in-
dividuals, and are typically found in trees within for-
est, savannah, or urban areas (Nowak and Roland,
1999; Serensen and Halberg, 2001). Continental
populations of E. helvum are seasonally migratory,

and while extremely long distance movements have
been recorded (Richter and Cumming, 2008), it is
unknown whether migration is directed or repre-
sents nomadic movements following seasonal
changes in resource availability.

By contrast, E. dupreanum rarely roosts in trees.
Instead, these bats preferentially aggregate in small
colonies within rock crevasses and caves (Mac-
Kinnon et al., 2003; Racey et al., 2009; Good-
man, 2011). Recent research on E. dupreanum
cave roosts indicates that they navigate in and out
of these structures with what appears to be an incip-
ient form of echolocation (Schoeman and Good-
man, 2012); this is a roosting and behavioral niche
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generally not utilized by its sister species E. hel-
vum (Nowak and Roland, 1999). Eidolon duprea-
num 1is also an important seed disperser on Mada-
gascar and plays a critical role in tree re-
generation (Picot er al., 2007; Ratrimomanarivo,
2007).

Eidolon dupreanum is one of the three species of
endemic pteropodid bats on Madagascar, all of
which are subject to considerable hunting pressure
(Jenkins and Racey, 2008; Goodman, 2011). Phylo-
geographic studies conducted on two of these spe-
cies, Pteropus rufus E. Geoftroy, 1803 and Rouset-
tus madagascariensis G. Grandidier, 1929, reveal
little evidence for intraspecific population structure
across the island and suggest genetic panmixia in
both taxa (Goodman et al., 2010; Chan et al., 2011).
A similar pattern has been found on Madagascar in
widely-foraging insectivorous bats of the family
Molossidae, such as Mops leucostigma G. M. Allen,
1918 (Ratrimomanarivo et al., 2008) and Mormo-
pterus jugularis Peters, 1865 (Ratrimomanarivo et
al., 2009). These patterns contrast with the geo-
graphically structured genetic variation found
within other insectivorous Malagasy bats, including
Triaenops furculus Trouessart, 1906 (Russell et
al., 2007), Myzopoda aurita Milne-Edwards and
A. Grandidier, 1878 (Russell et al., 2008), My-
otis goudoti A. Smith, 1834 (Weyeneth et al., 2011),
and Chaerephon atsinanana Goodman, Buccas,
Naidoo, Ratrimomanarivo, Taylor and Lamb, 2010
(Lamb et al., 2012). If body size, ecology, and
phylogenetic history are correlated with popula-
tion structure (Carmichael et al., 2007), we predict
that E. dupreanum is characterized by high popula-
tion connectivity, as found among other pteropodid
bats.

Population structure in bats is hypothesized to be
driven, in part, by a combination of social and feed-
ing behaviors (Barclay, 1991; Rivers et al., 2005),
body size (Isaac et al., 2005), and dispersal capabil-
ities (Petit and Mayer, 2000; Russell et al., 2005).
Previous work on E. helvum suggests that African
continental populations are characterized by high
haplotype diversity, but with no geographic struc-
ture among them, representing genetic connect-
ivity across a geographical scale greater than previ-
ously recorded for any mammal species (Peel ef al.,
2013). A concordant study utilizing stable isotopes
also demonstrates that E. helvum is wide-ranging
across geographically distinct regions of south-
ern Africa (Ossa et al., 2012). In contrast, marked
genetic structure occurs in populations of this
species occurring on offshore islands in the Gulf of

Guinea (Juste et al., 2000; Peel et al., 2013).
High vagility of FEidolon in general, with the ex-
ception of certain island populations, may ex-
plain its low species-level diversity (Juste et al.,
2000).

It is unclear if extensive gene flow characterizes
E. dupreanum, as would be expected given the
patterns in E. helvum and in the other two Mala-
gasy pteropodid species. To date, nothing is known
about the connectivity of E. dupreanum popula-
tions based on either inference from phylogeo-
graphic studies or direct observations through
tracking studies. Importantly, the structure of
Eidolon populations may be directly associated
with transmission patterns in certain zoonoses.
Eidolon dupreanum and E. helvum are both known
reservoirs of potential pathogens (e.g., lehlé et al.,
2007; Drexler et al., 2012; Hayman et al., 2012;
Peel et al., 2013). Humans and fruit bats have
complex epidemiological interactions in Africa
and on Madagascar, with exchange of blood, urine,
and saliva via the bush meat trade. In addition,
these bats feed on fruits and roost in sites in
close proximity to humans. In concert, these factors
underscore the need for continued studies on the
ecology and connectivity of Eidolon populations.

We use DNA sequence data to characterize the
population genetic structure of E. dupreanum across
Madagascar, and compare the results with previ-
ously reported patterns in its sister species, E. hel-
vum, across sub-Saharan Africa. In addition, we
estimate the clade age of each species and their di-
vergence time to provide greater insight into their
shared and unique evolutionary histories.

MATERIALS AND METHODS

Sampling

Tissues were collected throughout the respective ranges
of E. dupreanum (n = 80) and E. helvum (n = 37) using varied
sampling techniques (Fig. 1, Appendix). For E. dupreanum,
we obtained 39 wing punch samples and 41 muscle samples.
These tissues were preserved in 0.5% EDTA buffer, and
any voucher specimens collected were deposited in either the
Field Museum of Natural History (Chicago, FMNH) or the
Université d’Antananarivo, Département de Biologie Ani-
male (Antananarivo, UADBA). For E. helvum, we obtained
37 wing punch samples, and preserved them in 70% alcohol
(with the exception of one museum specimen, T181, preserved
in 10% buffered formalin). Fieldwork on E. helvum and E. du-
preanum was conducted under permits granted by national and
local authorities. Research involving live animals followed
guidelines for the capture, handling, and care of mammals
approved by the American Society of Mammalogists (Sikes ef
al., 2011).
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DNA Extraction, Amplification, and Sequencing

We extracted whole genomic DNA from samples with the
DNeasy Tissue Kit (Qiagen). For all samples, including out-
groups, we first targeted the mitochondrial cytochrome-b gene
(cyt-b). Three nuclear regions (intron 7 of the nuclear B-fibri-
nogen gene, f-fib, and portions of the recombination activating
genes 1 and 2, RAGI and RAG?2) were targeted for only a sub-
set of Eidolon samples from each locality, as we expected
intrapopulation diversity to be low at these loci. Amplification
of loci proceeded using the following primers: L14724 and
H15915 for cyt-b (Irwin et al., 1991); bfib-mammU and
bl7-mammL for f-fib (Matocq et al., 2007); RAG1F1705,
RAG1R2864, RAG2F220, and RAG2R995 for the single exons
of RAGI and RAG2 (Teeling et al., 2005).

We conducted PCRs in 25 pL reactions with 1 x buffer, 2.0
mM MgCl, (1.6 mM for f-fib), 0.2 mM dNTPs, 0.4 uM of
the locus-specific primers, 0.5 U (0.625 U for cyt-b) of Taq

polymerase and 1 pL template DNA. Initial denaturation pro-
ceeded at 94°C for 3 min, followed by 35 cycles of 45 sec at
94°C, 45 sec at 52°C (cyt-b), 56°C (f-fib), or 60°C (RAGI and
RAG?2), and 75 sec at 72°C, and a final extension at 72°C for
eight min.

PCR products were cleaned in preparation for cyclose-
quencing using ExoSAP-IT (USB Products): 5 uL of PCR
product was incubated with 1.6 uL of sterile H,O and 0.4 pL of
ExoSAP-IT at 37°C for 15 min, followed by 80°C for 15 min.
We sequenced each locus in complementary directions with
their respective PCR primers; each reaction included 0.75 pL of
purified PCR product, 0.75 pL of 5 x buffer, 0.5 pL of primer,
and 0.2 pL of BigDye v3 in a total volume of 5 pL. Final
sequence solutions were electrophoresed on an ABI 3730x1
capillary sequencer.

We checked, trimmed, and assembled electropherograms
into contigs using Sequencher v4.8 (GeneCodes, Ann Arbor,
Michigan). We aligned consensus sequences with MacClade
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F1G. 1. Map of sampling localities for E. helvum across sub-Saharan Africa (inset) and E. dupreanum on Madagascar
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v4.08 (Maddison and Maddison, 2008). For the cyt-b align-
ment, we also included previously sequenced data for two out-
group species in the genus Pteropus (P. seychellensis comoren-
sis Nicoll, 1880, GenBank accession number JF327290.1;
P. rufus, JF327321.1) and two in the genus Rousettus
(R. madagascariensis, GU228603.1; R. obliviosus Kock, 1978,
GU228742.1).

Phylogenetic Analysis

Based on the proximity of putative RAGI and RAG2 genes
in the Pteropus draft genome (Lindblad-Toh ef al., 2011) and
their proximity in the mouse genome (Oettinger et al., 1990),
we concatenated the two loci using Phyutility (Smith and Dunn,
2008). The cyt-b, p-fib, and concatenated RAGI-RAG?2 align-
ments were reduced to unique haplotypes using the Biopython
script ‘sequence_cleaner.py’ (Cock et al., 2009).

We constructed haplotype networks for E. dupreanum at
cyt-b, and for both species of Eidolon at both p-fib and RAG1-
RAG2, using TCS with a connection limit of 90% and allowing
for ambiguous characters (Clement et al., 2000). Because we
found high sequence divergence between E. dupreanum and
E. helvum at cyt-b, and because previous research on cyt-b in
E. helvum on continental Africa indicated little geographic clus-
tering of haplotypes (Peel et al., 2013), we did not construct
haplotype networks for E. helvum for this locus. The geographic
localities of haplotypes for E. dupreanum were visualized on
each network to examine correspondence between genetic
diversity and geography.

For the mitochondrial alignment, we estimated the phyloge-
netic relationships among unique haplotypes of Eidolon and our
outgroup specimens under both maximum likelihood (ML) and
Bayesian frameworks. We parameterized maximum likelihood
tree searches in RAXML v7.04 (Stamatakis, 2006) using the
GTR+T" model, after partitioning the alignment into two parti-
tions (codons 1 + 2; codon 3) to account for non-synonymous
and synonymous substitutions. Tree searches proceeded after
1,000 rapid bootstraps that began with a parsimony guide tree,
and followed the default hill-climbing algorithm. For the
Bayesian tree searches, we first used MrModeltest2 (Nylander,
2004) to estimate the best-fitting models of sequence evolution
at each codon position under the Akaike information criterion.
The models HKY+I+T, HKY+]I, and GTR+T were applied to the
first, second, and third codon positions respectively, in MrBayes
v3.2.2 (Huelsenbeck and Ronquist, 2001; Ronquist and
Huelsenbeck, 2003). Searches consisted of two independent
runs of 10 million generations sampled every 1,000 steps. We
checked for adequate mixing within runs and convergence
across runs in Tracer v1.6 (Rambaut ef al., 2013) and summa-
rized the posterior distribution of trees on the half-compatible
consensus tree in MrBayes, after discarding the first 25% of
samples as burnin.

Divergence Time Estimation

We estimated the number of synonymous and non-synony-
mous sites at cyt-b using DnaSP v5 (Librado and Rozas, 2009)
and calculated a rough estimate of substitution rate using aver-
aged mammalian rates of 1.8 x 10 £ 0.3 x 10 sub/site/yr for
non-synonymous sites and 27.4 x 10 £ 3.3 x 10 sub/site/yr
for synonymous sites (Pesole ez al., 1999). The average number
of substitutions with Jukes-Cantor correction within each spe-
cies and between the two species was also estimated in DnaSP.

We also estimated the divergence time between E. helvum
and E. dupreanum using a coalescent gene tree approach in
*BEAST v1.8.0 (Heled and Drummond, 2010; Drummond et
al., 2012) that included all three gene regions. Cyt-b alignments
were split into two partitions (codons 1 + 2; codon 3) each
assuming a GTR+T substitution model. We used an HK'Y model
for f-fib and a GTR+I" model for RAGI-RAG2. The prior for the
uncorrelated log-normal relaxed clock mean rate of cyt-b was
8.23 x 10 substitutions/site/yr with an SD of 2.5 x 107,
Because we did not have any prior information on rates at S-fib
or RAGI-RAG2, we used flat priors with starting values of
1 x 10710 subs/site/yr and ranges of 10-'* to 108, We assumed
a Yule species prior and lognormal relaxed clocks for each locus
(Drummond et al., 2006). The final run was 300 million gener-
ations sampled every 10,000 steps. Trees were summarized in
TreeAnnotator (Drummond ef al., 2012) after discarding the
first 25% as burnin.

Finally, we estimated the historical population dynamics
within each species using multilocus extended Bayesian skyline
plots (EBSP) in BEAST v1.8.0. We first estimated the best-fit
substitution models at each locus for each species in DT-Mod-
Sel (Minin et al., 2003). For E. helvum, we applied HKY+I, F81,
and K80+I substitution models to the cyt-b, f-fib, and RAGI-
RAG?2 partitions. We applied the same models for the cyt-b
and p-fib partitions to our analysis of E. dupreanum, but
instead used a Jukes-Cantor model for the RAGI-RAG?2
partition. Final runs were 100 million steps long sampled every
10,000 steps.

RESULTS

For cyt-b (1,116 base pairs [bp]), we recovered
37 sequences of Eidolon helvum, 80 sequences of
E. dupreanum, and two sequences each of the Pte-
ropus and Rousettus outgroups. For S-fib (683 bp),
RAGI (1,054 bp), and RAG2 (731 bp), we recovered
the targeted subset of 26 (25 for S-fib) sequences for
E. helvum and 14 sequences for E. dupreanum. For
E. dupreanum, we recovered 39, two, and two
unique haplotypes at cyt-b, f-fib, and RAGI-RAG?2,
respectively. For E. helvum, we recovered 35, three,
and five unique haplotypes at the same loci, respec-
tively. All new sequences were deposited in Gen-
Bank (Appendix).

For E. dupreanum, the final cyt-b alignment con-
tained 66 variable sites, 34 of which were parsimony
informative. At f-fib and RAGI-RAG2, there were
only two and three variable sites, respectively, none
of which were parsimony informative. In E. helvum,
the final cyt-b alignment contained 73 variable sites,
of which 30 were parsimony informative. At S-fib,
there were four variable sites, with one parsimony
informative site. At RAGI-RAG2, there were 10
variable sites, with five parsimony informative sites.

Haplotype networks for E. dupreanum on Mada-
gascar did not support population structure (Fig. 2).
Substantial haplotype diversity was observed at



Panmixia in the pteropodid bat genus Eidolon 283

Cyt-b

RAG1-RAG2

FiG. 2. Haplotype networks for (A) cyt-b in E. dupreanum, and (B) f-fib and concatenated (C) RAGI-RAG2 in E. dupreanum and

E. helvum. Sizes of circles are proportional to the haplotype frequency within each species. Lines connect haplotypes that differ by

one mutational step and small white circles represent inferred, unsampled haplotypes. All E. helvum haplotypes are from continental

Africa and are indicated with an ‘H’. The remaining haplotypes are from E. dupreanum and the shades and fill patterns correspond
to sampling localities on Madagascar in Fig. 1
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cyt-b (Fig. 2A). There were numerous shared haplo-
types across sampling localities at this locus, result-
ing in no clear pattern of clustering by locality.
Insufficient haplotype diversity was present at S-fib
and RAG1-RAG?2 to make strong inferences regard-
ing population structure. We found no shared haplo-
types between E. dupreanum and E. helvum for
either of these loci, with both species having haplo-
types that solely clustered intraspecifically, at
opposite ends of the haplotype network (Fig. 2B
and 2C). Overall, with either multiple shared
haplotypes (cyt-b) or a few widespread haplotypes
(B-fib and RAGI-RAG?2) that were spread across
sampling localities, we found little evidence for ge-
ographic structuring in E. dupreanum.

Maximum likelihood and Bayesian phylogenetic
analyses were congruent regarding node support at
the genus and species level (Fig. 3). We recovered
high bootstrap (BS) support and posterior probabili-
ties (PP) for the monophyly of the genus Eido-
lon (Fig. 3A) and the monophyly of E. duprea-
num (Fig. 3C). We did not recover E. helvum as
a strongly supported monophyletic group (Fig. 3B,
BS = 0.560 and PP = 0.538) in phylogenetic analy-
ses of cyt-b.

We estimated 25.1% synonymous sites and
74.9% non-synonymous sites among the Eidolon
samples for an overall mean substitution rate of
8.23 x 107 substitutions/site/year. Jukes-Cantor cor-
rected mean sequence divergence at cyt-b was low
within species (E. helvum: 0.834% and E. dupre-
anum: 0.669%) but high between species (11.38%).
The mean estimated clade ages of E. helvum and
E. dupreanum were 0.51 Ma and 0.41 Ma, respec-
tively, and the mean estimated divergence time
between the species was 6.91 Ma, in the Upper
Miocene.

In contrast, the estimates of clade ages and the
multilocus estimate of divergence time were
greater in multilocus coalescent-based analyses
using *BEAST. When we constrained each spe-
cies to be monophyletic, the median clade age
of E. helvum was 1.27 Ma (95% HPD: 0.56-2.47
Ma) and that of E. dupreanum was 0.89 Ma
(95% HPD: 0.41-1.62 Ma). The median estimated
divergence time between the species was 11.73
Ma (95% HPD: 7.94-13.44 Ma), in the late
Middle Miocene. Extended Bayesian skyline plots
for each species estimated that historical popula-
tion sizes were smaller than current population
sizes, though in both instances, the credible inter-
vals around more recent estimates were broad

(Fig. 4).
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FiG. 3. Bayesian phylogeny pteropodid taxa included in this
study (A) with detailed phylogenetic relationships among
E. helvum (B) and E. dupreanum (C). Support values in (A)
denote ML bootstrap support (top) and posterior probabilities
(bottom) solely at the E. dupreanum bipartition, as support for
E. helvum is less than 0.95. Tip shades and fill patterns in (C)
correspond to sampling localities on Madagascar in Fig. 1
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DiscussioN

The divergence time between Eidolon helvum
and E. dupreanum we present here is based on
a general substitution rate for mammals, but pro-
vides insight on the relative timing of speciation and
divergence events. The only known fossil of Eidolon
is from Ethiopia and is dated to the late Pliocene
(3 Ma — Howell and Coppens, 1974). Though our
two estimates of divergence time differ and the cred-
ible intervals around the Bayesian estimate are
broad, both estimated Miocene dates are congruent
with previously suggested evolutionary hypotheses
(Juste et al., 1999, 2000), as well as divergence time
estimates from a more recent study (Peel, 2012).

Eidolon helvum is known to migrate long dis-
tances on the African continent (+2,500 km over
five months), with shorter nightly movements of up
to 370 km (Richter and Cumming, 2008). Long-dis-
tance migration across open water has also been re-
ported (570 km — Jiménez and Hazevoet, 2010),
though it is likely a rare occurrence considering the
low population connectivity found among west
African oceanic islands separated by only 150—
350 km (Juste et al., 2000; Peel et al., 2013). The
Mozambique Channel separating mainland Africa
from Madagascar is approximately 460 km at its
narrowest point. Given this large distance, we hy-
pothesize that trans-channel dispersal limitations in
Eidolon are responsible for vicariant speciation be-
tween continental and Malagasy species.

Although E. dupreanum and E. helvum are dis-
tinct morphologically, genetically, and geographi-
cally, support for the monophyly of E. helvum is
weak in both ML and Bayesian analyses of mito-
chondrial sequence data. If E. dupreanum diverged
recently through colonization of Madagascar from
an African relative, as has been previously inferred
(Bergmans, 1990), it is not surprising that E. helvum
might demonstrate paraphyly at individual genetic
loci. Recent population expansion from an ancestral
gene pool and slow lineage sorting associated with
large effective population sizes could contribute to
such a pattern in E. helvum. It is important to note
that these conclusions are based on a single mito-
chondrial gene. However, multilocus estimates of
historical population sizes through time do suggest
a rapid demographic expansion in E. helvum within
the last 0.5 million years (Fig. 4), particularly in
comparison to a much more modest increase in
E. dupreanum population size. The samples avail-
able for this study were from a limited number of
localities (Fig. 1, Appendix), and finer geographic
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FiG. 4. Extended Bayesian skyline plots of estimated historical

effective population sizes for E. helvum and E. dupreanum

based on cyt-b, S-fib, and concatenated RAGI-RAG2. Dotted
lines denote 95% credible intervals

sampling of individuals from both species and addi-
tional genetic loci may help resolve the underlying
evolutionary and demographic scenario characteriz-
ing the divergence of these two taxa.

Despite the pattern of deep divergence between
these two species, we find high population connec-
tivity in E. dupreanum across Madagascar, similar
to that found in E. helvum across continental Africa
(Peel et al., 2013). For both taxa, high vagility has
resulted in little to no population diversifica-
tion below the species level (Fig. 2). This pattern of
low population structure exists across both spe-
cies despite notable interspecific differences in the
placement of day roost sites and the number of
roosting bats. In E. helvum, roosts can be extremely
large, reaching more than one million individuals,
and are typically found in trees across a consider-
able range of vegetation types and in urban areas
(Nowak and Roland, 1999; Sgrensen and Halberg,
2001). In contrast, roost sites for E. dupreanum
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are almost strictly in rock-crevasses or caves, and
colonies rarely reach more than 1000 individuals
(MacKinnon et al., 2003; Goodman, 2011). There
appears to have been little historic variation in
roost sites in recent geological time (Burney ef al.,
2008), as well, though modern anthropogenic distur-
bance may be affecting roost density and site
abandon-ment (Cardiff et al., 2009; Goodman and
Jungers, 2014). At least at the resolution of these
genetic markers, differences between the two spe-
cies in colony size and roosting habitats do not
lead to interspecific variation in population genetic
connectivity.

Aspects of feeding ecology might explain regular
dispersal movements of the frugivorous E. dupre-
anum (Picot et al., 2007; Ratrimomanarivo, 2007).
Phenological patterns of fruiting in different forest
formations on Madagascar are notably seasonal, and
periods exist when fruits are limited (Goodman
and Ganzhorn, 1997). Frugivorous animals, in-
cluding bats, must either seasonally shift to dif-
ferent diets or disperse to areas where fruit re-
sources are available (Andriafidison et al., 2006).
Maximum entropy distribution modeling (MaxEnt)
incorporating aspects of this species’ distribution
based on 78 geographical points and an assortment
of environmental variables has found that geology is
an important explanatory variable of their occur-
rence (Goodman and Ramasindrazana, 2013). The
reliance of E. dupreanum on broadly dispersed habi-
tats like rocky outcrops and cave roosts, coupled
with seasonal patterns of food availability, can
help explain the demonstrated patterns of genetic
panmixia. Virtually nothing is known about the re-
productive biology and mating habits of E. dupre-
anum, which could also be linked to dispersal pat-
terns of this species.

Though low levels of population structure are
typically expected for vagile mammals, including
bats (Burland and Worthington-Wilmer, 2001), on-
going research has highlighted significant variabil-
ity in population structure depending on the life
history traits of the species in question (Petit and
Mayer, 2000; Rivers et al., 2005; Russell et al.,
2005). In addition, connectivity and genetic struc-
ture are dependent upon the complex relationships
among the competing factors that isolate incipient
species and the factors that precipitate long-distance
dispersal and migration (Dynesius and Jansson,
2013). Here, we demonstrate that despite extensive
population connectivity within each species, E. du-
preanum and E. helvum individually represent old,
persistent, and distinct lineages.

Characterizing the nature of migration patterns
and population connectivity is important not only
for our understanding of species divergence, but
also for inferences associated with zoonotic patho-
gens. Bat populations, particularly fruit bats of the
family Pteropodidae, are reservoirs for numerous
pathogens, a number of which can be transmitted
to humans (e.g., Reynes et al., 2005; Wong et al.,
2007). Understanding how population connectivity
relates to transmission dynamics in pteropodid bats
like Eidolon is thus of particular interest because
these species can live in high densities in close prox-
imity to humans and are often consumed as bush-
meat (Jenkins and Racey, 2008; Goodman, 2011;
Peel et al., 2013).

Recent work has found that E. helvum acts as
a reservoir host for Lyssavirus (Lagos bat virus) and
henipaviruses across its widespread range, and
continental-scale viral transmission within E. hel-
vum is likely facilitated by its panmictic population
structure (Peel et al., 2013). Given our results re-
garding the connectivity of E. dupreanum and its
interactions with humans on Madagascar, it seems
likely that this species is also of epidemiological
importance (Andriamandimby et al., 2013). Com-
bining phylogeographic patterns within Eidolon
with a better understanding of its evolutionary his-
tory will provide the means to pose explicit hypothe-
ses regarding the introduction of pathogens from ini-
tial colonization and/or lateral transfer from other
vectors. Future research should sample more broad-
ly across Madagascar, to understand the potential
implications of E. dupreanum as a vector for human
disease on the island.
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